It was first shown by Gardner (1938a and b) in animal experiments that tridymite appeared to be more fibrogenic than quartz when tested by intravenous injection in rabbits. In fact, all his animals injected with tridymite died by 11 weeks. King, Mohanty, Harrison, and Nagelschmidt (1953a) used intratracheal injections into the lungs of rats, and compared well graded pure samples of quartz and tridymite, with the result that tridymite produced grade 5 fibrosis after nine weeks as against 38 weeks for quartz. The tridymite sample used had been in contact with hydrofluoric acid during purification, and as it had been found in other experiments (King and others, 1953b) that quartz etched with hydrofluoric acid also was more fibrogenic than normal quartz, there remained a suspicion that a trace of hydrofluoric acid had been the cause of the extra activity of tridymite.
G. NAGELSCHMIDT From the Safety in Mines Research Establishment, Sheffield (RECEIVED FOR PUBLICATION JUNE 24, 1955) It was first shown by Gardner (1938a and b) in animal experiments that tridymite appeared to be more fibrogenic than quartz when tested by intravenous injection in rabbits. In fact, all his animals injected with tridymite died by 11 weeks. King, Mohanty, Harrison, and Nagelschmidt (1953a) used intratracheal injections into the lungs of rats, and compared well graded pure samples of quartz and tridymite, with the result that tridymite produced grade 5 fibrosis after nine weeks as against 38 weeks for quartz. The tridymite sample used had been in contact with hydrofluoric acid during purification, and as it had been found in other experiments (King and others, 1953b ) that quartz etched with hydrofluoric acid also was more fibrogenic than normal quartz, there remained a suspicion that a trace of hydrofluoric acid had been the cause of the extra activity of tridymite.
A new series of experiments was therefore set up with another sample of tridymite which had never been in contact with hydrofluoric acid. This sample was used at three different levels of dosage 25 , and 50 mg. per rat), and electro-dialyzed tridymite which was free from any adsorbed ions was also used at the 25 mg. per rat level.
The fibrogenic activity of quartz and other materials has in the past been expressed solely on the basis of the degree of maturity of the lesions and the following five grades of fibrosis were used: grade 1, loose reticulin fibres with no collagen formation; grade 2, compact reticulin fibres with or without collagen formation; grade 3, slightly cellular but mostly collagenous; grade 4, wholly collagenous and completely acellular; and grade 5, acellular, collagenous and confluent. 41
It has been felt for some time that this was not entirely satisfactory for quantitAtive assessments because the amount as well as the degree of fibrosis should be measured. Various attempts at an area assessment from microscope slides, and to use radiography of air-inflated rats' lungs, did not prove successful, but a quantitative estimation of collagen (Stacy and King, 1954 ) from dried lung material proved to be possible, and this technique was used to measure the fibrogenic activity of tridymite. Similar data for quartz were available, and this allowed equal dosages of quartz and tridymite to be compared.
It had been found previously (Ray, King, and Harrison, 1951) that 2 mg. of quartz did not produce any fibrosis in the lungs of rats, but did produce fibrosis of the lymph nodes, into which all of it appeared to have been moved, when given alone. A mixture of 2 mg. of quartz and 98 mg. of coal did, however, produce fibrosis up to grade 2 after five months in the lungs of rats. Similar experiments with smaller amounts of dust were also made with tridymite and two samples of coal.
DESCRIPTION OF SAMPLES Tridymite
This was prepared from Lochaline sand by the use of a flux. The flux was dissolved after heating by prolonged boiling with hydrochloric acid. The resulting tridymite was very pure, and a fraction below 2 ,i was prepared by sedimentation in water after grinding the material in an agate mortar. Part of the tridymite was electro-dialyzed for 24 hours between platinum electrodes to remove any adsorbed electrolyte. The chemical analysis, solubilities, and particle size distribution of the two samples of tridymite are given in Table 1 . Anthracite Coal A low-ash fraction of anthracite coal from the Llandebie Colliery, South Wales, was turbine-ground and a fraction below 10 pt separated by air elutriation with a Roller apparatus. From this material a fraction below 2 V. was prepared by centrifuging in water after adding sufficient detergent (" teepol ", Shell) to make the coal wettable. The material below 2 ,u equivalent diameter was spun down by prolonged centrifuging, boiled with water to remove as much of the " teepol " as possible, and finally dried. The particle size distribution and the analysis of this dust are given in Table 2 . PATHOLOGICAL TECHNIQUE Routine post-mortem examinations were carried out on dead and killed animals. Formol-saline (100o) was injected into the lungs before opening the thoracic cavity in animals which were killed, or in those which were found dead the lungs were distended with fixative after their removal from the thoracic cavity. After preliminary fixation blocks were selected through the long axes of both lungs at the level of the hilum, to include the hilar lymph nodes, for histological sections. Blocks were embedded in paraffin and sectioned at 5 [L. Serial sections were stained with haematoxylin and eosin, and by Gordon and Sweets' (1936) silver impregnation method; and micro-incineration was carried out to study the distribution of dust in the lesions. The details of these procedures have been fully recorded in earlier papers in this series. The lymph nodes were dissected and weighed as described by Nagelschmidt, Nelson, King, and Harrison (1954) .
COLLAGEN ESTIMATIONS For the estimations of collagen, the remaining lung tissue from each animal was dried at 1050 C., and to it was added the unused tissue from the blocks and trimmings which were dewaxed with xylene. The combined dried tissue of each lung was powdered in an iron mortar, re-dried at 1050 C., ground again and carefully mixed.
The collagen estimation depends upon the colorimetric determination of hydroxyproline, the most characteristic amino-acid of collagen and reticulin. The collagen is first transformed into gelatin by autoclaving a sample of the dried tissue. The proteins other than gelatin are precipitated by trichloroacetic acid and filtered off, the gelatin remaining in the filtrate. Hydrolysis of the gelatin in a sample of the filtrate is carried out with hydrochloric acid to liberate the constituent amino-acids, and the hydroxyproline is then determined colorimetrically. The details of this procedure are given by Stacy and King (1954 The most marked lesions were in the lungs of the animals which received the 50 mg. dose: grade 3 was reached by 30 days and grade 5 fibrosis at 50 days, involving nearly all the lung tissue. In all groups, subpleural drift of dust was seen microscopically, and the pleura overlying the lesions showed thickening. Dust cells were present in some alveoli, in the interstitial tissues and lymphoid follicles. There was marked hyperplasia of the peribronchial lymphoid tissues.
12-5 mg. Tridymite.-At 30 days there was a good dust cell reaction and a marked peribronchial lymphoid reaction. Aggregates of dust cells contained a loose network of fine reticulin fibres (Fig. 1) . Only an occasional nodule showed a small amount of collagen. The lesions were nodular and discrete at 60 days and the loose reticulin network was replaced by collagen fibres which were compact (grade 3 fibrosis, Fig. 2 ). The lesions were larger at 150 days, and almost completely acellular (grade 4 fibrosis). There was little change after this until 300 days, except that some areas of fibrosis became confluent (grade 5).
25 mg. Tridymite.-There was a good dust cell reaction at 30 days, and there were many discrete cellular lesions perivascularly distributed with thick and compact reticulin fibres, and some collagen in many of them (grade 2 fibrosis, Fig. 3 ). The lesions progressed so rapidly that by 60 -days the nodules were mainly acellular, confluent, and collagenous (grade 5 fibrosis, Fig. 4 Fig. 5 ). At 30 days the nodules were discrete, larger, and somewhat acellular and collagenous (grade 3 fibrosis). At 50 days the right lung of an animal found dead was almost fully composed of large confluent areas of fibrosis which were acellular and fully collagenous (grade 5 fibrosis, Fig. 6 ). There was more alveolar tissue remaining in the left lung. All remaining animals in this group had died by 72 days, and in all there was almost total replacement and massive confluent fibrosis of the alveolar tissue of both lungs.
The histological findings in the lungs of the rats receiving the different dosages of tridymite are set out in Table 3 and Fig. 7 . The data for 50 mg. of (Nagelschmidt and others, 1954) . The fresh weights of the lymph nodes from the four tridymite groups were determined and are shown in comparison with similar results for 50 mg. of quartz in Fig. 15 .
The quartz data were taken from the controls of the cortisone experiment (Stacy and The histological appearances of the lungs in these two groups were similar. At 90 days there was some dust lying free in the alveoli; most of it was collected together in the form of irregular foci situated perivascularly. There was no evidence of fibrosis (Fig. 8) . A mild degree of emphysema was present around the nodules, and there was hyperplasia of the peribronchial lymphoid tissues with dust in them. There was no change in the histological appearances of the coal dust lesions up to 350 days, except for the dust collections becoming more compact. No fibrosis was seen at any stage, either in the lungs or in the lymph nodes.
30 mg. Anthracite + 1 mg. Tridymite.-At 90 days most of the dust was collected into irregular nodular lesions which were cellular and mainly perivascular. A few were subpleural. A mild degree of focal emphysema was present. The lesions contained loose reticulin fibres (grade 1 fibrosis, Fig. 9 ). By 180 days the dust lesions were more compact and the reticulin fibres were thicker. There was marked peribronchial fibrosis. There were many irregular, discrete nodules with thick and compact reticulin (grade 2 fibrosis) at 240 days; but there was not much progress beyond this, the lesions remaining within the maximal limits of grade 2 fibrosis at 300 days and at 350 days. The lymph nodes showed only mild reticulinosis.
30 mg. Bituminous + 1 mg. Tridymite.-There was a small amount of dust lying free in the alveoli at 90 days, but the greater part of it was in focal aggregations situated perivascularly. There was a fine network of reticulin fibrils within the lesions (grade 1 fibrosis, Fig. 10 ). There was marked peribronchial fibrosis and some emphysema. There was no further progress until 240 days, when the nodules appeared to be more compact with thick reticulin fibres (grade 2 fibrosis). There was marked peribronchial fibrosis and some emphysema. By 240 days the nodules appeared to be more compact with thick reticulin fibres (grade 2 fibrosis). The lesions remained within the limits of grade 2 fibrosis at 300 days (Fig. I1) The hilar lymph nodes contained some dust at 90 days, and by 300 days there were definite lesions which contained a loose network of thick reticulin fibres (grade 1 fibrosis, maximal, Fig. 13 ), whereas the lungs at this same period revealed no lesions whatever (Fig. 12) .
A summary of the pathological changes in the lungs of rats produced by coal and tridymite alone and in combination is given in Table 4 .
DISCUSSION Tridymite
The tridymite used in these experiments produced very rapidly developing fibrosis in the lungs of rats, as compared with other forms of pure silica, which had been used in previous experiments. King and others (1953a) had found that 50 mg. of tridymite produced far more reaction in the lungs When the same quantity of tridymite (1 mg.) was injected together with anthracite or bituminous coal in 30 mg. doses, definite pulmonary lesions were produced. Reticulin fibrosis of grade 1 was observed at 90 days, and of grade 2 by 240 days in both groups. The lesions advanced only slightly beyond this stage, remaining within the maximal limits of grade 2 at 300 and 350 days. It is likely that the inert coal retards the movement of tridymite in the lymphatics causing it to be retained in the lungs where it exerts a fibrogenic effect. With a much higher percentage (20%) of quartz used with coal-mine dust Belt and King (1945) observed grade 4 fibrosis at 365 days, and Ray and others (1951) grade 3 fibrosis when 2 mg. of quartz was used with 98 mg. of coal. The smaller amounts of tridymite (1 mg.) and coal (30 mg.) used in these experiments produced grade 2 fibrosis when injected in combination.
No differences were observed between anthracite and bituminous coal when used with tridymite or alone. Neither coal appeared to act as an antidotal dust when used with free silica in animals. On the other hand they appeared to enhance the effect of small amounts of silica by keeping it in the lungs. SUMMARY Different amounts of pure tridymite dust of equal particle size, injected into the lungs of rats, produced the maximum degree of fibrosis in 300 days with 12-5 mg. of tridymite, in 60 to 70 days with 25 mg., and in 50 days with 50 mg. With the 50 mg. dose most of the lung tissue was replaced by fibrous areas. Chemical determinations of* collagen demonstrated both a more rapid and a larger total production of fibrous tissue with the larger doses of tridymite. Tridymite, 12 5 mg., caused, during the first three months, the production of as much collagen as 50 mg. of quartz, but produced after eight months only one quarter of the amount which 50 mg. of quartz gave. The quartz had then produced as much collagen as 50 mg. of tridymite in three months.
Mixtures of anthracite and bituminous coal dust with a small amount of tridymite (1 mg.) produced lesions of grade 2 fibrosis in the lungs. Anthracite and bituminous coal by themselves did not produce any fibrosis in lungs or hilar lymph nodes in 350 days. Tridymite, 1 mg., appeared to be completely eliminated from the lungs into the hilar lymph nodes: fibrosis was observed in the lymph nodes, but none was found in the lungs.
